Technical Report Documentation Page

1. REPORT No. 2. GOVERNMENT ACCESSION No. 3. RECIPIENT'S CATALOG No.
R-00173

4. TITLE AND SUBTITLE 5. REPORT DATE

A 5-Year Report Covering the Construction, Condition, and September 1943

Accumulated Test Data on the Three and Four Sack Concrete
Pavement Constructed in 1938 Between Orange and Olive in

7. AUTHOR(S)

6. PERFORMING ORGANIZATION

8. PERFORMING ORGANIZATION REPORT No.
R-00173

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. WORK UNIT No.

State of California
Department of Public Works

Materials and Research Department

13. TYPE OF REPORT & PERIOD COVERED
12. SPONSORING AGENCY NAME AND ADDRESS

14. SPONSORING AGENCY CODE

15. SUPPLEMENTARY NOTES

16. ABSTRACT

The project discussed in the following report is a section of State Highway, approximately 0.95 of a mile in length, situated
between the towns of Orange and Olive in Orange County. It is a portion of highway VII-Ora-181-A and extends from Sta. 423+17 to
Sta. 473+17.

The work was experimental to the extent that the specifications for the concrete pavement were on a strength rather than a fixed
cement basis; except that it was not contemplated to use less than four sacks of cement per cubic yard of concrete. Therefore, the
Special Provisions permitted a reduction of the cement content below the standard of five sacks to any extent (but not less than four
sacks) that the contractor could demonstrate a flexural strength of not less than 450 Ibs. per square inch at seven days by full size
trial batches mixed on the project.

17. KEYWORDS
R-00173
VIl-Ora-181-A
Contract 87XC31-07XC8
18. No. OF PAGES: 19. DRI WEBSITE LINK
12 http://lwww.dot.ca.gov/hg/research/researchreports/1930-1955/43-02.pdf

20. FILE NAME
43-02

This page was created to provide searchable keywords and abstract text for older scanned research reports.
November 2005, Division of Research and Innovation




).-I q 3 q R-00173

C:al Sept. 24, 1943

STATE OF CALIFORNIA
DEPARTMENT QF PUBLIC WORKS
DIVISION OF HIGHWAYS

MATERIALS AND RESEARCH DEPARTMENT
~oolloo~-

A 5-YEAR REPORT

COVERING THE

CONSTRUCTION, CONDITION, AND ACCUMULATED TEST DATA

ON THE
THREE AND FOUR SACK CONCRETE PAVEMENT
CONSTRUCTED IN 1938

BETWEEN ORANGE AND OLIVE IN ORANGE CO.

VII-Ora-18l=-A Contract 87XC31~-07XC8

& 1RANSPORTATION MATERIALS
& RESEARCH LIBRARY

w
C\w_)_Pl) www . fastio.com



http://www.fastio.com/

R=-00173
Sept. 24, 1943

STATE OF CALIFORNIA
DEPARTMENT OF PUBLIC WORKS
DIVISION OF HIGHWAYS
MATERIALS AND RESEARCH DEPARTMENT

«-00000=

A 5-YEAR REFPORT
COVERING THE
CONSTRUCTION, CONWDITION, AXD ACCUMULATED TEST DATA
‘ ON THE
THREE AND FOUR SACK CONCRETE PAVEMENT
CONSTRUCTED IN 1938
BETWEEN ORANGE AND OLIVE IN ORANGE CO.
VII-Ora-181-A Contraoct B7XC31-07XC8

Cli-PBF-—yrrmiy-fastocon


http://www.fastio.com/

R00173
Sept. 24, 1943

STATE OF CALIFORNIA
PEPARTMENT OF PUBLIC WORKS
DIVISION OF HIGHWAYS
MATERIALS AND RESEARCH DEPARTMENT

-00000=

A 5-YEAR REPORT
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THREE AND FOUR SACK CONCRETE PAVEMENT
CONSTRUCTED IN 1938
BETWEEN ORANGE AND OLIVE IN ORANGE CO.
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The project discussed in the following report 1s
s section of State Highway, approximately 0.95 of a mile 1in
length, situated between the towns of Orange and Olive in Orange
County., It is a portion of highway VII-Ora-181-A snd extends
from Sta, 423+17 to Sta. 473+17.

m™e work was experimental to the extent that the
specifications for the concrete pavement were on a strength
rather than a fixed cement basis; except that it was not contem-
plated to use less than four sacks of cement per cubic yerd of
conerete. Therefore, the Special Provislons permitted a reduc-
tion of the cement content below the standard of five sacks to
any extent (but not less than four sacks) that the contractor
could demonstrate a flexural strength of not less than 450 1lbs,
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per square inch at seven days by full size trial batches mixed
on the project.

If the average flexural strength, at 7 days, of
the best 4 out of 5 beams wss less than 450 1bs, per sq. in. the
cement content was to be increased enough to produce the speci-
fied strength.

The sources from which aggregates and cement were
obtained for use in the concrete pavement, together with the
results of escceptance tests are shown on Table 1.

In April and May, 1938, approximately 15 trial
batches were made at times when concrete was belng placed in
structures. Twelve of these batches contained 4 sacks of cement
per cu, yd. and 3 of them 3 sacks per cu. yd.

The amount of water per sack of cement, the pro-
portion of different sizes of aggregate, and the workability of
the test batches, together with the results of tests on specimens
fabricated from them, are shown in Table 2, the data f-r which
was obtained from the "SUPPLEMENTAL REPORT ON THE REDUCTION ON
CEMENT CONTENT ON CONTRACT O7XC8~-87XC31" by District Engineer
S. V. Cortelyou under date of Sept. 1, 1938.

The pavement was constructed between June 1llth and
June 24, 1938, in eight daily sectlons. Four sack concrete was
used throughout except for two expc¢rimental sections in which
the cement content was reduced to 3 sacks per cu,  yd. Each of
the 3-sack sections was approximately 500 ft. long, with one
section in esch lane as follows:

Right Lane - 3-sack concrete Sta. §48+92 to 3ta, 463+85
Left Lane - 3Z-sack concrete Sta., 440+60 to Sta, 445455

Test specimens, beams and cylinders, were made
each day concrete was placed in the pavenent. Results of tests
on those specimens are shown in Table 5. The average grading
of the combined aggregate used in the pavement is shown in Table

1,

The pavement slab was cured under & 3 inch earth
blanket saturated with water for 8 days.

A portion of the surface of the 3-sack concrete
was treated with a solution of sodium silicate to determine the
herdening effect, if any, of the sodium silicate upon the sur-
face of this low cement factor concrete.

At the end of the curing period, but before the
pavement was opened to traffic, o section of the 3-sack pavement,
200 ft. in length in cach lane, was treated with an appl%cﬁtion ‘
of sodium silicate solutlion equivalent to ,0216 gal. of "0 grade
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rer sq. yd. On the following dey, the same scctions werce given

e second application at the same rate per sq, yd. The "O" grade
sodium silicate was diluted with 3 to 4 parts of water, and the
sclution applied with push brooms, The silicate treated sections
were located as follows:

Right Lane - Sta. 460+03 to Sta. 462+03
Left Lane =~ 3ta. 441+70 to Sta. 443474

Expansion jolnts were placed at 60 foot interveals
throughout the project with intermediate dummy joints every 20
feet., Nine logitudinal dowels, fitted wlth cxpansion csps were
placed at each expansion jolnt.

In the District Engineer's Supplemental Report,
mentioned above, it was noted that 2 blanket of seclected sub-
grade material, 1 ft. in thickness, wes placed under the entire
pavement. It was also noted that the underlying material from
Sta. 423+17 to Sta. 449400 wus poor, while that from Sta. 449+00
to Sta, 473416 was good.,

Cores were cut and tested for compressive strength
st an approximate age of 60 days. A similar set of cores was
cut in June, 1940, for 2-year tests and, in July 1943, & third
set wes cut from the same locations for 5-year tests. Results
of tests on these three sets of cores, together with the loca-
tions from which they were obtained are shown on the attached
Table 4. The overage core strengths were as follows:

€0 Day 2 Years 5 Years
3-38cck 2923 36810 4303
4-Sack 5193 5855 6275

The treatment with sodium silicate was to harden
the surface only; therefore, no difference in compressive
strength of the 3-sack concrete wos anticlpated as a result of
this trecatment. Thc core test results shown in Teble 4 indicate
approximately equal strength for the treated and the untreated

pavement.

In Figure 1 the average strengths of the cores
and of the daily test cylinders have been plotted to scele. These
curves show not only the greater strength of the cores, but also

a very striking similarity in shape.

When the 2-yeor survey of the project wes mode in
1940, it was noted that thg 3_-sack pavement showed slightly m?ie
evidence of wear than the 4-ssck sections as ind?cated by gie: er
surface exposure of the aggregate. It was likewise noted 1 ante
the sllicate treated areas showed less exposure of the aggregt

than the untreated arces.
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In 1943, ot the end of five years of service, very
little, if ony, ~dditionsl change in surfocec appearance could be
noted. The exposure of the fine surfeace cggregatc wes most no-
ticenble on the 3-sack untrcaoted; less pronounced, butb-still
opparent, on the 3~seck treated; ond olmost unnoticeable on the
4-snck. However, the cctual weer, even wherc most pronounced,
wrs slight.

Trensverse cracks, usuelly extending the full
width from center joint to edge, have formed at o number of loca-
tions. On July 25, 1938, elcven drys efter the puvement had been
opened to traffic, n total of 13 such trrnsverse cracks were
noted; eight in thc 3-soack pavement end five in the 4-scck., Two
years later, in June, 1940, the total number of crrcks amounted
to 15, with 9 in the 3-sock and 6 in the 4-srck sections. 1In
July, 1943, the crock survey showed a total of 14 erecks in conch
type of concrete. The number cnd distribution of cracks ot erch
period were os follows:

Total Right Laone Left Lane
Dote No. Z-8cck 4-Sack 3-Sack 4-5ack
7/25/38 13 (8 in %-srck, 5 in 4-scck)
6/20/40 15 - 2 2 7 4
7/28/43 28 2 4 12 10

The locations of the vrrious erccks are shown in
Figure 2, The craecks which occurred prior to June, 1640, are
shown in blrek and those which have formed since that date are
shown in red. It will be noted that the greater portion of the
erecks sre in the left lanc betwecn Sta. 438400 rnd Sto. 435+00.
This 1is in the arec described as underlain with poor subbase
materisl but the resson why there should be 18 crccks in the left
lane between those stations and only 3 in the right lone 1s not

apparent.

In general the project is o smooth riding section
of pavement 2nd therc is no cppreciable difference between the
3-sock rnd the 4-scck scetions cxcept Ffor the slight surfrce
exposur¢ of aggregate previously notcd.
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TAELE 1

USED IN THE

TEST RESULTS ON SAMPLES OF
CONCRETE AGGREGATES AND CEMENT

THREE AND FOUR SACK CONCRETE PAVEMENT

VII-Ora-181-A Contract 87XC31-07XC8
Aggregates
Fine Aver. Combined
Test Coarse |Concrete} Filler Grading
Sand Sand Sleve %
o
Date Sampled (1938) 4/1 4/9 4/9 |81 2-1/2] 94
bar VIIZ7207 1 76820 7822 gg 2 85
Wear, L.A, Rattler 100 Rev.| 3.1 d | 1=1/2{ 72
% Wear, L.A. Rattler 500 Rev.| 15.7 i 3/4] 49
Specific Gravity 2.31 2.64 2.63 # 3| 37
Colorimetric Test 0.K. 0.X. # 10| 26
28 Day Results o] #2119
Sand Mortar Comp. Str. 7338 6oo6s | S 1 # 30| 13
Sand Mortar % of Ottawa 122.2 |106.0 |9 # 40| 9.5
# Tests made on a mlxture containing o # 80 2.1
80% concrete Sand and 20% filler Al #200| 0.5
sand

Coarse Aggregate from Grahem Bros. Plant at Santlago Creek
Concrete Sand n " " " " "

Filler Sand "
ater from City of Olive (Domestic Supply)

" " i "

0live (Santa Ana River)
W

IS SS eSS s |
| s et —— — — e — — ———
Cement
Chemical
Date Sampled 2/9/38
Mfr. Southwestern Port.Cem.Co., Victorville Analysls
Bin No. 3 Feg03 1.93
C.H.C. No. 44 A1203 3,80
% Passing #325 Sleve 94.0 S0z 1,72
Surface Area, (Sq. Ft.) 1943 MgQ 2.00
Autoclave Expansion +.160 |Ignition loss 0.91
Sand Mortar Tests 7 Days 28 Days Insoluble 0.09
Aver. Compressive Str, (1-2) 6330 8050 -_ 6.76
Aver. Tensile Str. (1-3) 335 475 3 .
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TABLE 4
A FPIVE YEAR SUMMARY
OF THE
COMPRESSIVE STRENGTH OF CORES
FROM THE
THREE AND FOUR SACK CONCRETE PAVEMENT
VII-Ora-181-A Between Orange and Olive
THREE SACK CONCRETE
3 |lo® Compresgsive Strength in 1bs./Sq. In. Unit Welght
§§ E'{Elg 60 days 2 Years 5 Years L:g. perzcu. gt.
O A é o o Comp. Comp. Conp.
| Station|gtp, |Station . |Station Day | Year)Year
1938 |@ £ Str Str Strs | sores|cores| Cores
6/16 2 459410 |[2737 [459+18 [3082 (459408 [3620 |{150.8[150.7]149.7
" é o 459480 |2777 [459+97 [3554 |459+93 [4090 |148,8|149.8|150.8
" fﬁ 462450 |3311 462449 (3494 [462+446 |4895 [149.5/150.8/152.9
" i =l 460415 [2437 460+18 (4242 (460408 |3995 [147.9{151.5|149.5
" - 460+50 |3463 |460+57 |3959 [460+460 [4235 |150.0|149.4|151.0
" n 461450 |2625 |4614+53 |3452 [461+47 [3960 |148,5/151.5/150.3
8/22 o 241+87 | 2803 |441+81 | 3510 |441+90 [4505 [151.4{149.35{151.4
" Sl 442448 |3248 [442+50 | 3553 |442+443 4860 | 149.6|149.9}150.7
" P14434+05 2897 [443+09 [3589 [443+00 | 4705 |148.8 150.6|150.5
" o | 3] 441+20 [3300 441+22 4194 |441+30 | 4965 |148,11148,9|151.8
" g 444485 |2840 |4444+94 | 3157 |[444+81 |3580 [148.8|148,7(152.1
" = 445425 |2636 |445+19 |3548 [445+30 |7025#|150.4|150.9(153.1
Untreated 2934 3502 4230 |149,4|150.0|151.6
Surf.Treated |2912 3717 4377 1149,4(150.4|150.6
All 3-8k, Crs|2923 3610 4303 {149.4{150.,2[151.1
 —— ——— —_— — e
Average Compressive Strength of 3«Sack Cylinders
10-Day 855, 28-Day 1220, 90-Day 1700, 1 Year 2000
P —— ;
FOUR SACK CONCRETE
6411 4324+40 5309 [432+38 | 5485 | 432430 |6815 [150.8|149.9|152.8
6/13 | 437+40 [5735 [437+36 | 5461 |437+28 | 6455 151,9{151.3|153.3
" {% 447405 |5347 [446497 | 5383 |447+03 [ 5930 [151.3!151.61151.9
8/186 2| 458440 |4646 |458+34 {5644 |458+36 [ 5890 [151.315l.4 183.0
" =| 464440 [5133 |464440 | 5256 |4644+36 |5705 |148.,5|149.4 151.3
6/17 3 467+47 |5618 |467+40 | 5262 |467+43 16515 | 153,5/151.9 152.9
6/22 | © 437+70 5277 |437+78 | 6052 |437+74 [ 5785 |151.3|151.6 154.1
" = 2440+40 |5516 |440442 | 6987 | 440450 6855 |150.0|1580.4 153.2
6/24 P1464+20 4416 (464425 |6139 |464+17 6615 |150.9/150.4|152.4
" 3| 467403 | 4255 |466498 | 6077 | 467400 |6145 |148.1 149.2{150.5
" R | 4674+82 | 5867 |467+66 | 6358 | 467458 6320 |152.5 152.,9|154.3
Average strength g9z 5855 6275 |150.9(150.9(152.7
of 4~sack Cores |
Average Compressive Strength of 4-Sack Cylinders
10-Day 2267, 28-Day 3082, 90-Day 3432, 1 Year 3678
#Not included in average. -
#:2S0d. Silicate treatment consisted of two applications of "0 grade
sodium silicate solution to the pavement surface after the concrete
hed cured 17 to 22 days. Each application was at an approximate rate
of .02 gal. per sq. yd. or a total of 0.04 gal. per sq. yd.
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